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Abstract
Problem solving techniques is one of the earliest topics taught to novice students in computer programming course. In addition, 
novice students face difficulties in understanding problem statements and transforming them to problem solving techniques. 
Meanwhile, problem solving computing environments are not only powerful enough to solve complex problems but also are able 
to interact with human. Hence, the purpose of this paper is to investigate the designing of environments to assist novice 
programmers in computational problem solving using multi-agent technology and to develop a new visualization conceptual 
model.
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1. Introduction
A model based on agents focusing on the Problem Solving Comprehension Module to extract, transform and 
generate problem solving documents can assist novices to map a problem giving to problem solving techniques [1]. 
Multi-agent systems are defined as a set of, heterogeneous, computational entities which have their own specific 
problem solving capabilities. They can make some interaction to achieve an overall goal [2] [3]. Multi-agent systems 
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can also be used in order to solve the difficult or impossible problems for an individual agent or a monolithic system 
[2].
Multi-agent systems have been used to solve difficult or impossible problems in E-Learning [4], medical [5], 
process automation [6] and image analysis [7] and mathematic [8] studied issues concerning the application of goal-
oriented information agents. Such systems have the traditional advantages of distributed and concurrent problem 
solving strategies [9]. Meanwhile, programming problems are rooted from a huge number of problem domains. 
Comprehending the problem domain is of significance. In addition, novices seem to suffer from the incapability to 
combine the individual statements and constructs related to flowchart, HIPO chart, IPO chart, algorithm and so on 
into valid programs [1], [10]. In this study, we focus on investigating the possibility to use multi-agent systems as a 
new agent model for computational problem solving which is utilized by visual programming as the mode of 
programming to make it easier for novice programmers.
2. Related research
2.1. Computational problem solving
Computational problem solving is taken into account as the first step before source code development. However, 
novice students face difficulties in understanding problem statements and transforming them to computational 
problem solving techniques [1]. Well-known environments that currently have been designed for problem solving in 
computer language C, data mining and other languages consist of [3], [10], [12], [13]: 1) L.E.C.G.O. 2) RAPTOR 3) 
ONTOIAS 4) JELIOT 3.
2.1.1. L.E.C.G.O. (Learning Environment for programming and C using Geometrical Objects)
L.E.C.G.O. is viewed as an open problem-solving computer learning environment designed in order to make 
supports for secondary level education students and first year university students when learning programming and C. 
As Fig. 1, shows that the design of L.E.C.G.O. was resulted from synthesizing and combination of three follow 
models: a) the learning model b) the subject matter model, and c) the learner model [10]. Assistance is also provided 
in four modes: i) as ready specific expressions ii) ready structures and functions in pseudo-code iii) ready structures 
and functions in C iv) as appropriately designed content. The finding of the study shows that L.E.C.G.O could be 
easily modified for learning any programming language.
Fig.1. The main window of the programming 
environment [10].
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2.1.2. Raptor
RAPTOR is defined as a visual programming environment which has been designed specially to contribute 
students envision their algorithms and also avoid syntactic baggage (Fig. 2) [13]. Also RAPTOR opens a blank 
workspace with a start and end symbol. The user is able to add symbols corresponding to loops, selections, 
procedure calls, assignments, inputs and outputs through selecting from the palette placed in the upper left corner 
and then through inserting an appropriate point in the program. Instructors are able to customize the environment 
and also facilitate some more fascinating exercises through developing the built-in procedures. Experimental results 
are indicative of the point that that teaching programming in RAPTOR develops problem solving skills significantly 
better than teaching programming in a more non-visual and traditional language. 
2.1.3. ONTOIAS (Ontology-supported Information Agent Shell)
An OntoIAS as an environment which was being applied multi agent technique. The OntoIAS architecture 
diagram consists of the four main modules of information agents, such as information searching, extracting 
information, information classifying, and information presenting/ranking and corresponding to OntoCrawler, 
OntoExtractor, OntoClassifier, and OntoRecommander, which respectively have been designed as in Fig.3. In other 
ZRUGVQRWRQO\FDQ2QWR,$6TXLFNO\VHDUFKH[WUDFWFODVVLI\DQGLQWHJUDWHVSHFL¿FGRPDLQGRFXPHQWVEXWLWFDQ
also precisely recommend important information to allow excellent information integration and recommendation 
ranking [3]. Meanwhile, users can employ Ubi-Interface Agent of OntoIAS to use the shell via related mobile 
equipment for coming to the goal of ubiquitous research of OntoIAS. Therefore, the interface agent has to provide 
the communication bridge between those mobile and wireless equipment and related web information systems, for 
satisfying basic requirements of seamless information services in ubiquitous computing. They used ontology to 
PDNH GH¿QLWLRQ RI GRPDLQ NQRZOHGJH FRQWHQW H[SUHVV NQRZOHGJH VROYLQJ FRPPXQLFDWLRQ DQG RWKHU VKDUHG
problems. Ontology is a powerful tool for constructing and maintaining information systems.
Fig.2. RAPTOR in action [13].
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2.1.4. Jeliot 3
Jeliot 3 is a program visualization tool main aim of which is for novices learning programming in Java and 
designed to aid students learning programming. In fact main goal is to help students understand the basics of object 
oriented programming through Program Visualization [12]. The user interface of Jeliot3 (see Fig.4) is categorized in 
two main panes: (1) the code editor: consists of the code to be visualized. (2) Visualization pane: consists of four 
interconnected areas, namely method, expression evaluation, constant, and instance and array areas of various 
visualization components. (3) The VCR control buttons for the animation (4) Output console [12]. The current 
program visualization tool is not of sensitivity to the learner's growth of expertise and other significant contextual 
factors which influence on the process of learning. The combination of an agent-based intelligent system with a 
program visualization environment is considered to be a potential solution to the problem.
Fig.3. (a) System structure of 3componet and (b) Conceptualized architecture of ONTOIAS [3].
Fig. 4. User Interface of Jeliot3 [12]. 
Fig. 5. Learning Object Agent [12].
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Agent-based technology has been adopted by few PV (program visualizations) systems, and such technology use 
is considered as a means of delivering PV systems within an intelligent adaptive framework. Their system is 
functionally constructed by five agents: the Student Agent, Record Agent, Modeling Agent, Learning Object Agent 
and Evaluation Agent. Each agent is designed in order to satisfy a set of functional requirement which contributes to 
the overall learning system purpose i.e. providing adaptive and dynamic learning materials to individual users. The 
Student Agent is to communicate with students; the Record Agent keeps information on each student; the Modeling 
Agent creates student models, skills and learning objectives; the Learning Object Agent meets learning object sets; 
and the Evaluation Agent ensures learning path for each student (Fig. 5). Table 1 is a summary of all the 
programming environments that are investigated in this study. 
Table 1.  A summary of investigating environments
Tool Name Feature Problem 
solving 
technique
Technique Experiment/  
performance
Case Study/ Level Year
L.E.C.G.O An open problem-
solving computer 
learning environment
Algorithm Non- Agent Feasibility and 
Speed of  
programing
Nine students -12th grade 
(18year-old, 2 hours/task) , 
secondary school in Patras, 
Greece.
2006
RAPTOR A Visual Programming 
Environment for 
Teaching Algorithmic 
Problem Solving
Pseudo code Non-agent To develop  
problem  solving  
skills
Ada 95 or MATLAB course 
at United States Air Force 
Academy.
2005
ONTOIAS An ontology-supported 
information agent shell 
for ubiquitous services
Flow chart Agent Reliability, Validity, 
speed of system 
processing time
Taiwan Universities, 2011
jeliot3 A program visualization 
tool to help novices
Pseudo code Agent To control and 
support Object 
oriented programs 
using animation.
Object oriented programs at 
University of joensuu 
Finland.
2005
3. Proposed model
This paper focuses on the very first step beginning from a simple problem given in text form using agent. 
Example database consists of various example problems in computer programming in terms of the most basic course 
syllabus: fundamental programming, loops, arrays, objects and classes and strings and text input/output. It starts 
from the document in text which is extracted by the PAC agent. The HIPO agent extracts information from PAC 
agent. The IPO agent extracts information from the HIPO agent, the flowchart agent also extracts information from 
the IPO agent and then the algorithm agent extracts information from the flowchart agent respectively. Indeed, such 
agents are at an intersection with each other via sending data including keywords, Input/Process/Output, I/P/O 
module number and process. Finally, the output of this model will be shown in the form of source code. Notice that 
these problem techniques are related to each other (Fig.6).                                             The methodology 
involves the extraction and transformation process. Here, the agents represent the visualization of problem solving 
documents. It is expected that agent-base model is to reduce any programming errors or bugs while developing 
programs. In order to apply the agents in terms of the BDI architecture, the Jason AgentSpeak interpreter will be 
used [1]. At this juncture of time, we are in the preliminary stage of our research investigation. We are in on-going 
implementing stages associated with the problem solving comprehension Module using PDT (Prometheus Design 
Tool) plug-in eclipse software.
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4. Discussion
Reviewing literature in different environments, this study consists of computational problem solving technique
tools using agent and non-agent technology which can make contributions to learners to make use of various and 
new representation systems in order to express their problem solving strategies. Since most novice students find it 
very difficult to understand the problem given and transform them to problem solving techniques, misinterpreted 
problems may cause an incorrect result and programming errors. Investigated problem solving environments in this 
work mostly consists of flow chart, algorithm/pseudo code to structure chart. It should be noted that problem solving 
techniques in the form of visualization tools such as RAPTOR and Jeliot 3 produce graphical representations main 
aim of which is to assist learners in understanding the dynamic behavior of computer algorithms. Associated with 
complex problems, multi-agent systems can be taken into account as a perfect agent to solve it. That is because 
multi-agent systems have the features of flexibility and intelligence, solving complex issues in terms of distributed 
knowledge with updating capabilities. For example, Jeliot 3 and OntoIAS have utilized multi-agents to provide 
dynamic and adaptive learning materials with individual users. Our main contribution in this paper is to investigate 
the designed environments for computer programing and possibility utilizing of multi agent systems aimed at 
supporting agent package including PAC agent, HIPO agent, IPO agent, Flowchart agent and algorithm agent for 
helping novices. Meanwhile, an agent role in this module is to extract current information which starts from the 
problem given in text form, to transform the information to problem solving documents. Finally, the results of this 
study also revealed that a well facilitated e-learning setting can increase learning motivation and self-HI¿FDF\
5. Conclusion and future work
In this paper, we have compared several tools and we come out with a new tool for computational problem 
solving applying multi-agent because multi-agent systems exhibit flexibility and intelligence to solve complex 
issues in terms of distributed knowledge with updating capabilities. For future works, we will design the problem 
solving model with our own architecture from different other visualization model. The design and coding of the 
whole proposed model will be implemented.
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